In this study, we ascertained whether the parathyroid hormone (PTH) dominantly regulated the effects of high phosphorus (P) intakes on urinary excretion of P and bone metabolism in rats. To maintain serum PTH level equally, parathyroidectomy (PTX) and sham-operated rats were constantly exposed to rPTH(1-34) and fed both control (0.3% P) and high P (1.2% P) diet for 7 days, respectively. Urinary excretions of P and Cterminal telopeptides of type I collagen were significantly increased in both PTX and sham rats by the high P diet. These results suggest that high P diet increased urinary P excretion while promoting bone resorption regardless of PTH-dependent regulation.
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One of the general dietary conditions that cause hyperparathyroidism is phosphorus (P) supplementation. 1, 2) Previous reports have explained that the reason of the elevated parathyroid hormone (PTH) was reflection to changes in serum levels of calcium (Ca) and P by a high P diet. 1, 2) PTH acts on kidney to regulate Ca and P homeostasis through those urinary excretion and resorption. We previously reported that high P diet increased urinary P excretion, however, cAMP excretion measured as an indicator of PTH action was decreased though serum PTH was elevated.
3) It was possible to speculate that the PTH-independent mechanism of urinary P excretion would be affected by high P diet. These studies have been demonstrated under the conditions in intact parathyroid grand. Therefore, the effects of dietary P were not separated from endogenous PTH reaction. In the other target tissue of PTH, it is well known the influence of chronic PTH stimulation on osteoclastgenesis. In both animal 4, 5) and human subjects, 6) consumption of high P reached high turnover bone loss, expected from the results of an increase in the bone resorption marker and decline of a densitometric quantity.
In this experiment, to evaluate the effects of a high P supplemented diet on the regulation of urinary P excretion and bone metabolism, we examined in parathyroidectomized (PTX) rats constantly exposed to rPTH (1-34).
Five-week-old 24 male Wistar-Imamichi strain rats were divided into 2 surgical groups and one of them were parathyroidectomized and the other one had sham operation (sham), respectively. After 7 days of surgery, PTX rats were received PTH replacement by the continuous infusion of rat 1-34 PTH (Sigma, St. Louis, USA) via an alzet miniosmotic pump (Model 2002, Durect Corp., Palo Alto, CA, USA). Pumps were delivered PTH at rates of 0.022 g/100 g body weight/hour 7, 8) and implanted subcutaneously on the back of PTX rats. Sham rats received 0.9% NaCl solution as a vehicle control by a similar procedure to PTH infusion. After 5 days of pump implantation, each surgical group was divided into 2 dietary groups of 6 rats each: a control diet based on the AIN-93G diet 9) containing 0.5% Ca and 0.3% P, high P diet containing 0.5% Ca and 1.2% P ( Table 1 ). All rats were housed individually in metabolic cages in a room maintained at 22 C with a 12-hour light/dark cycle. They were allowed to eat ad libitum and given free access to distilled water for 7 days. The Tokyo University of Agriculture Animal Use Committee approved the study and the animals were maintained in accordance with the guidelines for the care and use of laboratory animals of the university. Their urine was collected for last 3 days. At the end of the experiment, all rats were killed and then a blood sample was collected. The blood samples were centrifuged to obtain serum for analysis. Serum and urine were stored at À80 C until analysis. Ca was analyzed by atomic absorption spectrophotometry y To whom correspondence should be addressed. Tel: +81-3-5477-2444; E-mail: kazu@nodai.ac.jp Biosci. Biotechnol. Biochem., 68 (1), [243] [244] [245] [246] 2004 Note (Hitachi A-2000) according to the method of Gimblet et al. 10) Serum P was analyzed colorimetrically with the Ptest Wako (Wako Pure Chemical Industries, Osaka, Japan). For measurements of Ca and P, urine was dried, ashed, and then demineralized with 1 mol/l HCl solution. P in urine was analyzed colorimetrically according to the method of Gomori. Results were expressed as the means AE SE for each group of six rats. After two-way analysis of variance (ANOVA), Fisher's PLSD was used to determine the significant differences. Significant differences were considered at p < 0.05.
Among sham groups, there were no significant differences in the values of final body weight and amount of food intake. In PTX groups, values of final body weight and food intake were significantly smaller in rats fed the high P diet than those values in control diet (Table 2) . Among sham groups, there were no significant differences in serum level of Ca. Serum level of P was significantly larger in the rats fed high P diet than that in control diet in sham groups. In PTX groups, the serum level of Ca was smaller and serum level of P was larger in the rats fed high P diet than those values with a control diet. In sham groups, serum levels of both fragment of PTH, (1-84) and (1-34) were larger in the rats fed high P diet than those values in control diet. Compared to the rats fed control diet in sham groups, serum level of PTH (1-84) was significantly decreased in rats fed similar diet in PTX groups. There were no significantly differences in serum level of PTH (1-34) in the rats fed the control diet. Compared to the rats fed the control diet, urinary excretion of P and CTx were increased in the rats fed high P diet in both PTX and sham groups, respectively (Table 3) .
This study demonstrated the effects of high P diet on P homeostasis regulated by urinary P excretion in PTX rats exposing exogenous PTH to keep serum level equally. High P diet decreased serum Ca level and increased both serum level and urinary excretion of P regardless of PTH level in PTX rats. Urinary excretion of CTx was increased by the high P diet. These results suggested that a high P diet increased urinary P excretion while promoting bone resorption regardless of PTH-dependent regulation.
We previously reported in young male rats that high P feeding decreased intakes of diet when the dietary Ca level were constant and resulted in decreased in Ca intakes. 12) Increases of dietary P cause repression of the body weight gain. In this study, high P diet did not change the results showing growth promotion in sham rats, because of the shortened experimental period compared to the previous studies. Therefore, every nutritive supply has been observed similarly among sham groups except for P. The effects of high P diet on serum P and PTH were recognized in sham rats. High P diet induced PTH secretion accompanied an increase in serum P level. Urinary P excretion was remarkably higher in the rats fed the high P diet than in those fed the control diet, and there was a difference approximately Data are means AE SE (n ¼ 6). a Significant differences from control group with the same surgical operation at p < 0.05. b Significant differences from sham group with the same diet at p < 0.05. 300 times in mean values between the two groups whereas the difference of P intakes was 4 times accordingly to the dietary contents. Exogenous PTH were successfully infused in PTX rats to control circulated PTH (1-34) equally, which were confirmed by ELISA, hence those were detected as normal values. In PTX rats, the high P diet decreased the serum Ca level, whereas there was no difference in sham rats. The other dietary effects, such as serum P level and urinary P excretion, in PTX rats were observed similarly to the results of sham-treated rats.
It has been reported that PTH secretion was induced according to serum P directly. 13, 14) In this study, serum Ca might be regulated within the normal level in sham rats by endogenous PTH in response to changes in serum P with a high P diet. Meanwhile, the high P diet decreased Ca absorption and it caused negative Ca balance, 15) and the mechanisms of regulation by dietary P levels have remained uncertain. The solubility of Ca and P in the intestinal lumen is an important factor. We did not demonstrate Ca absorption in this study, but it was certainly possible to estimate the reduction of Ca absorption by a high P diet in PTX rats. Consequently, under the conditions of the limited PTH level, decreased Ca absorption by the high P diet could reflect the results of serum Ca.
Throughout the mechanisms of the maintenance P homeostasis, PTH regulates the amount of urinary P excretion reflected in renal tubular reabsorption caused by Na dependent P co-transporter type II. 16) We previously reported that supplementation of the high P diet increased urinary excretion of P, although there was a lowering in the action of PTH in the kidneys.
3) In this study, serum PTH was constantly maintained at a normal level in PTX rats, nevertheless the high P diet increased urinary P excretion. Besides that, a recent study has reported the candidate molecule as a part of the P transport system. 17) These results support the possibility of novel factors that regulate P homeostasis independent of the PTH action.
The risk caused by a high P diet accompanies hyperparathyroidism and reaches high turnover bone loss. [4] [5] [6] However, we observed an increase in the bone resorption marker, CTx urinary excretion, 18, 19) regardless of the PTH reflection in PTX rats. Therefore, we suggest that the hyperparathyroidism is not a requirement of the high turnover bone loss by high P diet. Takeyama et al. 20) reported that exposure to a low Ca environment increased the osteoclast number via a Casensing receptor on osteoblastic cell. We thought that the high P diet increased bone resorption regardless of PTH action and then, one of the factors by which the high P diet increased bone resorption might be a lower serum Ca level. On the other hand, it was observed that the serum osteocalcin level was larger in PTX rats than in sham rats. It is necessary to investigate these details.
In conclusion, a high P diet increased urinary excretion of P and increased bone resorption in PTX rats under the condition of maintaining the serum PTH level. It was suggested that the PTH-independent regulation of urinary P excretion and bone metabolism with a high P diet existed. Data are means AE SE (n ¼ 6). a Significant differences from control group with the same surgical operation at p < 0.05. b Significant differences from sham group with the same diet at p < 0.05.
